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Abstract:Qinghai-Tibet Plateau is the most complex region for crustal thickness inversion, while high-resolu-
tion earth gravity model ( EGM) makes it possible to obtain high precision gravity anomaly, which is a key pa-
rameter to depict the Earth' s inner structure in geodesy domain. On the basis of this principle, we calculated 
the Bouguer gravity anomalies in Qinghai-Tibet Plateau with EGM2008 and SRTM6. 0 by efficient high-degree 
spherical harmonic synthesis algorithm. In order to obtain the gravity anomaly caused by Moho density mutant, 
the noises caused by the topography was removed by wavelet details. Then , the crustal thickness was corrected 
on the basis of CRUST 2. 0 with the deep-large-scale single density interface formula. The inversion result indi-
cates that the crustal thickness in Qinghai-Tibet Plateau is between 50 km and 75 km, which is in correspon-
dence with the recent science research result. Compared with the 2 degree CRUST 2. 0 model, the spatial reso-
lution of crustal thickness in our research can reach 40 arc minutes. In addition, there is a positive relationship 
between the inversed crustal thickness and topography, which can prove the effectiveness of Airy-Heiskanen i-
sostatic model in gravity reduction. 
Key words: EGM2008; crustal thickness; gravity anomaly; CRUST 2. 0 
1 Introduction 
Moho is the boundary between the crust and the man-
tle , which plays a crucial role in depicting the Earth' s 
inner structure. Its depth ranges from 10 km beneath 
the ocean floor to 70 km in mountainous areas , such as 
the Himalayas. Lithospheric seismic velocity can give 
relatively high resolution of Moho depth, while its com-
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putation area is limited to a small cone beneath the lo-
cations of seismic stations[l-3]. Fortunately, various 
gravimetric observations can be widely used in crustal 
thickness inversion. The previous work on crustal struc-
ture inversion has indicted that the Qinghai-Tibet Plat-
eau is the most complex region all over the world, for 
the reasons of sparse gravity observation data and com-
plicated topography. However, the development of sat-
ellite gravimetry and satellite altimetry has revolution-
ized this problem with sufficiently high spatial resolu-
tion raw data [ 4-6] , and the improvement of inversion 
methods have ensured us to get more accurate Moho 
. I I [7-!tl structures s1mu taneous y . 
EGM2008 is the combination of satellite gravimetry, 
satellite altimetry and land gravimetry[ !2] • This gravity 
model with truncated order/ degree 2190/2159 can be 
used to demonstrate the gravity details at a spatial reso-
10 Geodesy and Geodynamics Vol.5 
lution of 5 arc minutes. Hence, EGM2008 was applied 
to compute the gravity anomaly by hannonic synthesis 
in Qinghai-Tibet Plateau in this study. Then, Bouguer 
gravity anomalies were obtained after removing the top-
ographic effect with SRTM , and the part of Bouguer 
gravity aoomalies caused by the Moho density mutaot 
were computed by multi-scale decomposition. Finally, 
on the basis of CRUST2. 0, the crustal thickness was 
estimated by the deep-large-scale single density inter-
face formula. 
2 Principle of crustal thickne&'i inversion 
The gravity anomaly Llg at the point ( r, 0, A ) can be 
calculated by spherical harmonic coefficients with the 
following formula : 
GM'-
Llg(r ,O,A)= 7 J1 (l-1) 
l - - -L {C ... cosmA +S,.sinmA} P1m( cosO) ( 1) 
m.=O 
where , G is the gravitation constant , M is the mass of 
the earth, R is the mean radius of the earth, l~ is the 
maximum truncated degree, P,m( cosO) is the fully nor-
malized associated Legendre function of spherical har-
- -
monic degree land order m ' elm and slm are fully nor-
malized spherical hannonic coefficients , which can be 
obtained from the existed earth gravity models 
( EGMs) , such as EGM96, EGM2008, etc. 
Since hannonic synthesis is a time-consuming task, 
especially for the extremely high truncated degree/ or-
der EGM , we brought in the efficient aod accurate gra-
dient approach to accelerate it. The key equation of this 
approach was illustrated as follows[''] : 
a.dg 
Llg(O,A,r)=Llg0(0,A,r,) +-l .. h+ 
ar 
_1_ a2..1g I h2 + _1_ a' Llg I h' (2) 
2 ar2 'E 6 ar' 'E 
where, ..1g0(0,A,r,) is the gravity anomaly at (O,A, 
r E ) and r E is the ellipsoidal radius. In this way, 
i:,.,i",.,(sinO) andS~mP~m(sinO) in equation (1) need 
to be evaluated only once for computation points ( 0, A , 
r,) , which will obviously improve the computation ef-
ficiency, especially for the points densely spaced along 
a parallel. The last three terms in equation ( 2) are the 
derivations about gravity anomaly and topography, 
which can be computed by : 
a'Llg ,GMM (R)' Llg·<•>=-, =(-1) --wr(l-1) -Or T m=O r 
l - - -L { C 1m cosmA +S 1m sinmA} P 1m ( cosO) 
m=O 
(3) 
where, k is the degree of derivation, and the other vari-
ables are the same as equation ( 1 ) . 
Assuming the earth is a homogeneous ellipse , gravity 
anomaly would be zero at the ground surface. Thus, the 
nonzero gravity anomaly can be used to depict the inner 
structure of the earth, especially for the density muta-
ted boundary. In figure 1 , we assumed h0 as the aver-
age crustal thickness at the computation region. There 
was a tiny mass Q located at ( r' , (J' , A ') , which was 
between the real Moho and the average curve. Then, 
the density variation in this shell generated gravity a-
nomaly at the ground surface as follows : 
+1 R h "'' 
Llg(P) = GtjpR 1:+3( ~ •) 





Figure 1 Principle of crustal thickness inversion 
where , ..1p is the density mutation between the Earth ' s 
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crust and maDtle, h is the crustal thickness of computa-
tion point, and the other parameten are the same as e-
quation ( 1) • In this paper, we got tip :&om CRUST2. 0. 
Based on equation ( 4) , we can build the relationship 
between the crustal thickness h and the part of Bouguer 
gravity anomaly Jig(P) cau&ed by the Moho density 
mutant. 
In Older to inverse the crustal thickness, we need to 
sepa.mle the part of gravity anomaly caused by the den-
sity mutation at Moho, i.e. the Jig(P) in equation 
( 4) . Since the gravity field can be decomposed at the 
frequency domain, we can investigate the character of 
Bouguer gravity anomalies Jig( 8, A , r) computed :&om 
equation ( 3) with wavelet. Choosing the most appro-
priate wavelet basis, Jig(P) can be obtained after re-
moving several wavelet details Di in equation ( S) :&om 
Jig(9,A,r): 
(5) 
where, N is the maximum truncate number of wavelet 
analysis, which is the key parameter for obtaining the 
part of Bouguer gravity anomaly caused by the density 
mutation at Moho. 
On the basis of potential field frequency specbum 
theory, the depth of field source was proportionate to 
the slope of power apectrum, which can be shown as 
follows£ 141 : 
h =- __!_ JilnP 
• 4'11' Jik (6) 
where, h. is depth of field source, lnP is natural log-
arithm of power specbum, 1c is wave number. Thus, the 
truncate number of wavelet analysis can be obtained by 
comparing the average crustal thicknees 1&0 and the 
depth of field source h. , and the part of Bouguer gravi-
ty anomaly cau&ed by Moho density mutant, i. e • 
.4g(P) , can be calculated by the relative order of 
wavelet approximation simultaneously, which can be 
used in equation ( 4) to invense the crustal thickness of 
computation region. 
3 Numerical aualysis 
~ai-Tibet Plateau locales in the south-west of Chi-
na, its longitude ranges from 25°N to 40°N, and lati-
tude ranges :&om 7S0 E to l05°E. Figure 2 illustrates 
the complexity of the terrain at this region :&om SRTM. 
The Sichuan Basin locates at the npt of Qinghai-Tibet 
plateau, and its altitude is between 0 m to 100 m. In 
contrast, the highest altitude of Himalayas is about 
8848 m, which is the thUd peak of the world. ht addi-
tion, there are two big basins, i. e. Tarim Basin and 
Qaidam Basin , at the computation region. 
Since the truncate degee and order of EGM2008 are 
2190 and 2159 respectively, we can calculate the glob-
al gravity anomaly with S arc minutes spatial resolu-
tion, which means that there are more than 9. 33xl06 
points involved in this computation process. After intro-
duciug the efficient algorithm for the ultra-high spheri-
cal harmonic synthesis, the computation acceleration 









Figure 2 Topogaphy of Qin&IW-Tibet plateau 
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anomaly derived from EGM2008, which describe the 
gravity field with more details. The details of gravity a-
nomaly almost have the positive correction with the to-
pography, especially at the region with terrain mutant, 
such as Alphine-Himalayan Belt, Cordillera Mountains , 
Marian Trench, etc. 
In order to estimate the accuracy of this high-speed 
algorithm, the gravity anomalies in Sichuan Basin were 
calculated by the traditional and high-speed algorithm 
with equation ( 1) and equation ( 4) , respectively. 
The computation results in figure 4 indict that the 
difference between these two algorithms is limited to 
0. 2 mGal, which can be ignored in our research. 
On the basis of gravity anomaly and topography, we 
obtained the Bouguer gravity anomaly with free-air cor-
rection, plate correction and topographic correction. 
The Bougure gravity anomalies of Qinghai-Tibet Plat-
eau is shown in figure 5. 
Bouguer gravity anomaly reflects the density anomaly 
of the Earth. Generally, the high frequency part of the 
Bouguer gravity anomaly indicts ups and downs 
of adjacentterrain , and the superficial density fluctuation , 
-300 -200 -100 0 100 200 300 400 500 600 
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Figure 3 Global gravity anomaly derived from EGM2008, 5 arc minutes spatial resolution 
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Figure 4 Comparison between the high-speed and the traditional algorithm 
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while the low frequency part describes the far field and 
deep structure. On the basis of this principle, we intro-
duced the wavelet to separate the high and low signal of 
Bouguer gravity in frequency domain. 
Mter analyzing the character of each wavelet basis 
and calculating the simulate models , we chose 'coi£3' 
as the optimal one. On the basis of equation ( 6) , the 
numerical result shows that the field source depth of 4 
th order wavelet approximation is about 30 km , while 
the 5 th is about 100 km. Hence, the 4th order wavelet 
approximation ( Fig.6) was chosen to describe the Bou-
guer gravity anomalies caused by the Moho density mu-
tant, i.e. Ll.g(P) in equation ( 4). The results show 
that the Bouguer gravity anomalies are about - 100 
mGal in Sichuan Basin, while it is -500 mGal in Hi-
malaya Mountains. The contour lines are densest at the 
edge of Qinghai-Tibet Plateau. 
In addition, the spatial resolution of the wavelet ap-
proximation is corresponding to the order of wavelet we 
used. In this study, the 4 th order wavelet approxima-
tion was chosen, which means that its spatial resolution 
is 7 times bigger than the raw data's, i.e. the Bouguer 
gravity anomalies caused by the Moho density mutant is 
40 arc minutes. 
The variable Ll.p in equation ( 4 ) , which stands for 
the density fluctuate at the computational region, is the 
key parameters to inverse the crustal thickness h . 
CRUST2. 0 model is a global crust models based only 
on seismic data with 2 degree spatial resolution [ 15 ] • The 
Earth's density structures are given explicitly for 8 lay-
ers in this model, i. e., ice layer, water layer, 










Figure 5 Bouguer gravity anomalies in Qinghai-Tibet plateau 
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middle crust layer, lower crust layer and the mantle 
below the Moho. Thus , the parameter t1p in equation 
( 4) can be obtained from the difference between the 5 
th layer and the 8th layer. In addition, since the spa-
tial resolution of density anomaly in Qinghai-Tibet Plat-
eau shown in figure 7 is 2 degree , the Shepard interpo-
lation method was introduced to get the higher resolu-
tion crustal structure. In this study, the final resolution 
of the density model is interpolated to 40 arc minutes. 
Although the average depth h0 does not affect the fi-
nal results theoretically, actually its inversion results 
vary with this parameter more or less. No matter what 
h0 was chosen, the final average value of crust depth in 
the computation region was about 55 km, so we as-
35°N 
30°N 
signed h0 with 55 km in this study. 
Eventually, the crust thickness was inversed based 
on equation ( 4) , and the spatial resolution of the final 
result shown in figure 8 was corresponded to the density 
model, i.e. 40 arc minutes. The numerical result indi-
cates that the Moho depth in Qinghai-Tibet Plateau 
ranges from 50 km to 70 km or more, and it has the 
obvious mutant at the edge of the plateau. Crustal 
thickness in Tarim Basin, Qaidam Basin and Sichuan 
Basin are about 53 km, 58 km and 48 km respective-
ly, which presents positive correction with its topogra-
phy. And the positive relationship between the inversed 
Moho depth and topography can be used to prove the ef-













Figure 8 Crustal thickness of Qinghai-Tibet Plateau 
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reduction. In addition, the crustal thickness of Lhasa is 
62.8 km in Xefeucene[ l6] , while the computation result 
in our study is 62. 5 km, which shows a well consisten-
cy between the results of our study and previous ones. 
Considering the complexity of topography in our calcu-
lation region, there is not extra station for crustal thick-
ness , and we will compare the final result with the ad-
ditional stations created with the development and ex-
ploitation of this region in the future. 
4 Conclusion 
The crustal thickness of Qinghai-Tiber Plateau is one of 
the most interesting problems for the geodynamic re-
search. In this paper, we inversed the crustal thickness 
in this region on the basis of EGM2008 model and 
CRUST 2. 0 model. Introducing the efficient ultra-high 
spherical harmonic synthesis algorithm, the gravity a-
nomalies can be calculated 30 times faster than the tra-
ditional algorithm, with ouly 0. 2 mGal accuracy loss 
simultaneously. Mter removing the topography effect, 
we got Bouguer gravity anomalies with 5 arc minutes 
spatial resolution, while its spatial resolution descen-
ded to 40 arc minutes after introducing wavelet for ob-
taining the part caused by the Moho density mutant. Fi-
nally, the crustal thickness was inversed by the deep-
large-scale single density interface formula, in which 
the density anomalies were supplied by interpolated 
CRUST2. 0. The computation result indicts that the 
crustal thickness ranges from 50 km to 70 km or more 
in Qinghai-Tibet Plateau, and it presents the consis-
tency with previous science research results in Lhasa 
station. In general, the crustal thickness in computa-
tion region presents positive correction with its topogra-
phy , which can be used to prove the effectiveness of 
Airy-Heiskanen isostatic model in gravity reduction. In 
addition, compared with the 2 degree crust model 
CRUST2. 0, the inversion result in our study ascend to 
40 arc minutes , which can depict the crust structure 
with more details. 
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